Introduction
Successful integration of implants in bone is dependent on balanced remodelling and new bone formation at bone-implant interface [1, 2] . Surface topography and chemical compositions of the implant surface influence osteoblast and osteoclast activity [3] [4] [5] . However, the study of interaction between osteoclasts and surface properties is limited [6] . High osteoclast activity due to systemic skeletal diseases, such as osteoporosis, affects new bone formation at peri-implant region [7] . To improve implant fixation for osteoporotic bone, research has been carried out to develop surgical techniques [8] and delivery systems for local administration of bioactive molecules [9] . This is to positively influence implant fixation as an adjunct to surgery. As such, various methods were investigated to coat the implants with anti-osteoporotic drug, for example, bisphosphonates.
Biochemical surface functionalization of metal implant with biomolecules either full-length proteins [10] or short peptides [11 -13] to regulate the cellular behaviour appears as an effective way to enhance bone -implant integration. The research in this area has gained impetus after the discovery of novel polydopamine ( pDOP) coating technique [14] . Biologically inert and nontoxic pDOP coating can be achieved by simply immersing the substrates in alkaline pDOP solution. The coating mechanisms are rather complex multistep processes and chemically heterogeneous. Studies have been conducted to understand the chemical and physical attributes of the coatings. Dopamine monomers undergo polymerization by self-oxidation, the process resembling melanin formation by the oxidation of catechol to quinone. The subsequent reactions of other catechols/quinone with amines lead to the formation of film on the substrate [14] . Moreover, catechols in pDOP can react with thiols and amines in organic molecules via Michael addition or Schiff base reactions, thereby creating an inert platform for secondary reactions [14] . Various growth factors such as bone morphogenetic proteins (BMP)-2 [12] , BMP-7 [15] and vascular endothelial growth factor [16] have been immobilized on titanium (Ti) covalently via pDOP chemistry. Although pDOP-coated poly(L-lactide) has been reported to enhance differentiation of human mesenchymal stem cells to osteoblasts [17] , its effects on osteoclast growth and differentiation have not been explored.
Another bioinspired coating, similar to pDOP, is conferred by the oxidation of polyphenols such as tannic acid [18] . Oligomerization of polyphenol tannic acid (pTAN) was achieved by oxidation reactions similar to that of pDOP, which decreased the solubility of pTAN. Polyphenols, having affinity for surfaces, would be deposited onto the surfaces to provide surface coatings [18] . pTAN molecules also react with Ti substrates probably by formation of TiO(OH)pTAN hydroxo complexes [19] . The pTAN polymer complexes formed after oxidations get adsorbed on the surface forming continuous coatings on the substrates. Hence the underlying aspects of theses coatings are the oxidation and self-polymerization reactions [18, 20] . The coating thickness of polyphenols and pDOP is time-dependent. The thickness increased with longer incubation of substrates in the polyphenol or pDOP solution. For instance, in the initial 60 min, the thickness of pTAN on Ti surface was 2-3 nm; after 24 h of immersion, the coating reached an approximate thickness of 50 nm and did not increase with further incubation [20] . This was the same for pDOP coatings [14] .
Being comparatively cheaper than dopamine and Generally Regarded As Safe (GRAS) by US Food and Drug Administration (FDA), tannic acid has these added advantages for biomedical application. Besides being a colourless coating, unlike that of pDOP coatings, pTAN coatings conferred antibacterial properties and reduced intracellular reactive oxygen species (ROS) production in NIH 3T3 fibroblasts [18] . Their influence on osteoclast growth, however, has not been investigated. In this work, the modulation of receptor activator of nuclear factor-kB ligand (RANKL)-mediated osteoclast differentiation of pre-osteoclast RAW 264.7 cells was explored on pDOP and pTAN-coated Ti substrates. Osteoclast development on the pDOP and pTAN coatings was assessed by studying osteoclast cell number, total DNA, tartrate-resistant acid phosphatase (TRAP) activity and osteoclast morphology.
Material and methods

Materials
Chemicals were acquired from Sigma-Aldrich (Darmstadt, Germany) and used as received. Ultrapure water (greater than 18.2 MVcm, ultrapure water system, Arium 611UF, Sartorius Stedim Biotech GmbH, Germany) was used.
Substrate preparation and characterization
Ti-6Al-4 V foils (10 mm Â 10 mm, Goodfellow Cambridge Ltd, Huntingdon, UK) were polished with sandpaper (600-and 1200-grit). They were subsequently placed in a water-filled ultrasonicator for 10 min. Substrates were sonicated in Kroll's reagent (4.0% HF, 7.2% HNO 3 , 88.8% water) for 10 min to wash away the carbide accumulated from polishing. Kroll's reagent was neutralized by 1 N sodium hydroxide. The samples were further washed ultrasonically for 10 min in respective solutions of dichloromethane, acetone and water. Then, surface passivation was achieved by keeping the substrates in 40% HNO 3 for 40 min [16] . Lastly, these acid-treated substrates were cleansed with water exhaustively. These Ti substrates are consequently represented as Ti in the following discussions.
Ti substrates with pDOP (denoted as Ti-pDOP) were prepared as described previously [14, 21] . Briefly, the substrates were immersed overnight in a solution of dopamine (2 mg ml
21
) prepared in Tris buffer (10 mM, pH 8.5), protected from light. Then, the substrates were cleansed with water to wash out the free dopamine. Ti substrates with pTAN coating (denoted as Ti-pTAN) were prepared with minor modification according to the previous report [18] . The substrates were submerged overnight in a solution of pTAN (2 mg ml 21 , 100 mM bicine buffer, 0.6 M NaCl, pH ¼ 7.8) protected from light with gentle shaking. The substrates were then immersed in water at 378C for 48 h; water was replaced every 24 h.
X-ray photoelectron spectroscopy (XPS) analysis was performed to study chemical composition of the samples. Kratos AXIS Ultra DLD spectrometer (Kratos Analytical Ltd, UK) was used in this study. C 1s signal at 284.6 eV was used as reference, to determine all binding energies. Contact angle of substrates was determined with a contact angle analyser (Phoenix 300 touch, Surface Electro Optics, Korea).
Cell culture
RAW 264.7 cells, mouse leukaemic, pre-osteoclast cells (American Type Culture Collection, Manassas, VA), were cultured in optimal humidity and temperature (378C) with 5% CO 2 . Cell culture media constituted Dulbecco's Modified Eagle Medium (DMEM), 10% heat-inactivated fetal bovine serum (FBS), 100 U ml 21 penicillin and 100 mg ml 21 streptomycin (Invitrogen, Waltham, MA). To induce osteoclast differentiation, cells were cultured on the samples at a density of 2000 cell cm 22 in Alpha Minimum Essential Medium (Invitrogen) supplemented with 10% heat-inactivated FBS, 100 U ml 21 penicillin, 100 mg ml 21 streptomycin (Invitrogen) and 50 ng ml 21 mouse RANKL (R&D Systems, Minneapolis, MN). All the substrates were sterilized by 30 min UV irradiation prior to cell culture. The medium containing RANKL was replenished every 3 days.
Immunofluorescence confocal microscopy
After culturing for 5 days, the cells were rinsed with phosphatebuffered saline (PBS, pH ¼ 7.4) before being fixed in 4% paraformaldehyde. Permeabilization of cells was done with 0.1% Triton X-100 in PBS for 5 min. Next, they were blocked overnight with 3% bovine serum albumin (BSA) in PBS. Cells were incubated for 90 min with anti-TRAP primary antibody (Takara Bio Inc, Shiga, Japan) (1 : 100 dilution in 3% BSA in PBS). After repeated washings with PBS, cells were incubated for 30 min with premixed solution of Alexa Fluor 546 taggedgoat anti-mouse IgG (H þ L) secondary antibody (1 : 100 dilution, Invitrogen) and Alexa 6 Fluor 488 phalloidin (1 : 40 dilution, Invitrogen) in 3% BSA. The cell nuclei were counterstained for 10 min with DAPI (Invitrogen). The substrates were cleansed, mounted in fluoroshield mounting medium (Abcam, Cambridge, UK) and examined with an Olympus FV1000 confocal laser scanning microscope (CLSM, Olympus, Japan). The substrates were imaged at five different spots each. Cells with more than three nuclei (blue fluorescence) and positive for TRAP (red fluorescence) were counted as osteoclasts at 10Â magnification.
Actin stain was observed at 60Â magnification (water immersion) to study cell morphology. FIJI software was used to analyse images for cell area, perimeter and Feret diameter [22] .
Cell cytotoxicity
RAW cells were seeded at cell density of 10 000 cm 22 and were cultured in DMEM without RANKL. Cell cytotoxicity was assayed on day 1, day 3 and day 5 using cell counting kit-8 (Dojindo Laboratories, Kumamoto, Japan). In brief, cells were rinsed with PBS then kept at 378C in DMEM containing 10% cell counting kit-8 reagent. After 4 h incubation, absorbance was detected at 450 nm using a microplate reader (Synergy H1, BioTek Instruments Inc, Winooski, VT). Cell numbers were extrapolated from the standard curve.
Tartrate-resistant acid phosphatase activity
TRAP activity was measured using a TRAP assay kit (Takara Bio Inc, Shiga, Japan) and normalized to the total protein content. After culturing for 5 days, the cells were lysed via 3 freezethaw cycles in water, and the lysate was thawed and centrifuged at 12 000g at 48C for 20 min. Supernatants were collected and used to determine TRAP activity and perform DNA assays.
TRAP activity in the lysate was measured by converting p-nitrophenyl phosphate ( pNPP) to p-nitrophenyl ( pNP). Cell lysate (50 ml) was collected on a 96-well plate containing substrate solution (50 ml), which contained 12.5 mM pNPP and 0.05 M sodium tartrate dissolved in acid phosphatase buffer provided in the kit. The reaction was kept for 1 h at 378C. 0.5 N NaOH (50 ml) was added to terminate the reaction and pNP (chromogen) was produced. Absorbance of pNP generated was detected at 405 nm using a microplate reader (Synergy H1) and values were presented as millimolar of pNP using a standard curve. TRAP activity was normalized to total protein in the same sample lysate. Total protein was quantified according to the manufacturer's instructions using micro BCA TM protein assay kit (Thermo Fisher Scientific, Waltham, MA) and concentration was extrapolated from the standard curve.
DNA quantification
DNA was quantified by using the fluorescent nucleic acid stain Picogreen (Thermo Fisher Scientific) according to the manufacturer's instructions. In total, 50 ml of lysate was diluted in 50 ml of deionized water before adding to 100 ml of Picogreen fluorimetric dye solution. After 5 min incubation at room temperature, fluorescence was measured using a microplate reader (Synergy H1). Excitation and emission wavelengths were set at 480 nm and 520 nm, respectively. DNA quantity was calculated from a standard curve.
Statistical analysis
A minimum of three independent observations with at least five or more technical repeats were conducted for all the experiments, unless otherwise stated. For cell cytometry analysis (Feret's diameter, perimeter and cell area), the sample size (number of osteoclasts used for analysis) is depicted in table 2.
The data were documented as mean + standard deviation (s.d.). The mean values were analysed using one-way analysisof-variance (ANOVA) with a Tukey post hoc test. For data with asymmetrical distributions such as cell area, perimeter and Feret's diameter, Kruskal -Wallis non-parametric ANOVA with a Mann -Whitney post hoc test was applied. For all statistical comparisons, p , 0.05 was considered as statistically significant.
Results
Surface characterization
Elemental compositions of pristine Ti, Ti-pDOP and Ti-pTAN surfaces were analysed by XPS. XPS wide spectra of Ti displayed signals for C 1s (285 eV), Ti 2p (460 eV) and O 1s (530 eV) (figure 1a(a) and table 1). As compared to pristine Ti, an increase in N 1s and C 1s signals with concomitant decrease in Ti 2p signal was observed on Ti-pDOP (figure 1a(b) and table 1). This indicated the successful coating of Ti by pDOP. Like Ti-pDOP, XPS spectra of Ti-pTAN substrates also exhibited a decrease in Ti 2p signal with a substantial increase in C 1s signals (figure 1a(c) and table 1). However, carbon to oxygen ratios in Ti-pDOP and Ti-pTAN were 4.6 and 2.3, respectively, which are slightly royalsocietypublishing.org/journal/rsif J. R. Soc. Interface 16: 20180799 higher than theoretical carbon to oxygen ratios of dopamine (4) and pTAN (1.7) . Stronger C 1s signals are because of inevitable hydrocarbon contamination that is conventional in XPS scans. Carbon signal is used as an internal reference for signal calibrations in XPS scans [23] .
Surface modification was further corroborated by contact angle measurements (figure 1b). The contact angle of pristine Ti was observed to be 83 + 1.48 (figure 1b). Contact angle dropped to 68 + 1.28 after dopamine ad-layer formation on Ti (figure 1b). Coating of pTAN on Ti also reduced the contact angle to 46 + 2.88 (figure 1b). These results indicated that pDOP and pTAN coatings were successfully deposited on Ti substrates.
Cytotoxicity
In this study, biocompatibility of pDOP and pTAN coatings was assessed by culturing murine pre-osteoclast RAW 264.7 cells on pristine Ti, Ti-pDOP and Ti-pTAN for 1 day, 3 days and 5 days. The cytotoxicity of these coatings was assessed by assaying for actively metabolizing cells using CCK-8 reagent. Cell numbers were quantified from the standard curve. Numbers of actively metabolizing cells cultured on Ti-pDOP and Ti-pTAN were comparable to cells cultured on pristine Ti ( p . 0.05) (figure 2). No cytotoxicity was observed until day 5.
Osteoclast differentiation
RAW 264.7 cells were cultured on all the substrates in the presence of 50 ng ml 21 mouse recombinant RANKL to induce osteoclast differentiation. TRAP-positive cells were noted after 5 days of cell culture (figure 3a). Higher TRAPpositive osteoclast number was observed in pristine Ti (figure 3a a1) when compared with osteoclasts cultured on Ti-pDOP (figure 3a b1) and Ti-pTAN ( figure 3a c1) . The results were further verified by quantifying TRAP activity in cell lysate on day 5 (figure 3b). TRAP activity of osteoclasts cultured on Ti-pDOP and Ti-pTAN was significantly reduced when compared with TRAP activity of osteoclasts on Ti ( p , 0.05 and p , 0.01 respectively). Nevertheless, TRAP activity of osteoclasts cultured on Ti-pDOP and Ti-pTAN was statistically similar ( p . 0.05).
Osteoclast proliferation
To stimulate osteoclastogenesis, RAW 264.7 cells were grown on different substrates with RANKL for 5 days. Multinucleated cells, determined as having more than three nuclei, and positive for TRAP stain were counted as osteoclasts. On pristine Ti, 32 + 5 osteoclasts mm 22 were observed (figure 4a). However, the numbers of osteoclasts cultured on Ti-pDOP and Ti-pTAN were reduced to 23 + 5 osteoclasts mm 22 and 2 + 1 osteoclasts mm 22 respectively (figure 4a). Both pDOP and pTAN coatings reduced the number of osteoclasts when compared with Ti with p , 0.05 and p , 0.01, respectively. Furthermore, osteoclast cell number on Ti-pTAN was significantly reduced when compared with that of Ti-pDOP ( p , 0.01). To verify the results, quantitative analysis of osteoclast proliferation was performed by measuring the total DNA on day 5 of culture (figure 4b). In Ti-pDOP substrates, a significant reduction in the total DNA was observed when compared with that of pristine Ti. DNA measured on Ti-pTAN was about sixteen times less than total DNA in pristine Ti ( p , 0.01) and about 11 times less than DNA measured on Ti-pDOP ( p , 0.05), depicting that pTAN coating possessed higher potential of reducing osteoclast growth than the pDOP coating (figure 4b).
Osteoclast cell morphology and morphometry
Morphological differences and cell adhesion patterns of osteoclasts were studied after immunostaining cells for F-actin and nucleus (figure 5). Osteoclast cell morphology and cell adhesion patterns varied with different surface modifications as demonstrated by the osteoclasts cultured on Ti (figure 5 a1) and Ti-pDOP ( figure 5 b1) showing distinct actin ring formations and podosome clusters, while actin rings were minimal in osteoclasts cultured on Ti-pTAN ( figure 5 c1) . Formation of filopodia also differed in all substrates. Osteoclasts cultured on Ti-pTAN displayed excessive filopodial projections at multiple points on cell membrane ( figure 5 c1) ; on the contrary, filopodia were scarce in Ti-pDOP (figure 5 b1) and minimally present in cells on pristine Ti ( figure 5 a1) .
The cell morphometry of osteoclasts cultured on different substrates was studied (n . 118 per substrate). Cell surface royalsocietypublishing.org/journal/rsif J. R. Soc. Interface 16: 20180799 area of osteoclasts cultured on Ti-pDOP depicted widest range in cell surface area as compared to those on either Ti or Ti-pTAN (table 2) . Osteoclasts on both Ti and Ti-pTAN presented similar cell parameters such as surface area, perimeter and Feret's diameter, but significantly higher than that of Ti-pDOP ( figure 6a,c,d ). Intriguingly, it has been reported that the osteoclast surface area was related to the resorbing capabilities of osteoclasts [24] . Osteoclasts with surface area between 1700 and 2000 mm 
Discussion
In the current study, Ti was functionalized with bioinspired surface coatings such as pDOP and pTAN. The surface royalsocietypublishing.org/journal/rsif J. R. Soc. Interface 16: 20180799 modification was confirmed by XPS. Increase in nitrogen signal was observed after pDOP ad-layer formation. Increase in C 1s signal was apparent on both Ti-pDOP and Ti-pTAN. Decrease in Ti 2p signals was also observed, thus confirming the formation of an organic layer (pDOP and Ti-pTAN) on Ti surface (figure 1a). Water contact angle was also examined to monitor the surface modification. Multifaceted pDOP coating is known to make the surface hydrophilic and thus reduce the water contact angle [25, 26] . The free amine and hydroxyl groups exposed at the pDOP surface interact with water molecules increasing the surface wettability [26] . After pDOP coating the contact angle of pristine Ti was reduced to 68 + 1.28 from 83 + 1.48 ( figure 1b) . Likewise, surface coating by a hydrophilic molecule such as pTAN with multiple phenol groups was also reported to enhance the surface wettability and making the surface hydrophilic [27] . In the current study, after pTAN coating the contact angle was reduced to 46 + 2.88, confirming the surface functionalization. pDOP ad-layer was shown to be non-cytotoxic and, in fact, the ad-layer improved cell adhesion and spreading of mammalian cells on non-wetted surface [25] . Additionally, biocompatible pDOP coating attenuated the in vivo toxicity of poly(L-lactic acid) and quantum dots [28] . pTAN coating was shown to be non-cytotoxic for mammalian cells such as NIH 3T3 fibroblasts. Furthermore, the coating retained the anti-oxidant properties of polyphenols and mitigated generation of ROS by NIH 3T3 fibroblasts [18] . The cytotoxicity of the coatings was studied for pre-osteoclast RAW 264.7 cell line. The coatings were not toxic to the osteoclast precursor cells (figure 2). Next, RAW 264.7 cells were differentiated to osteoclasts and the effects of the coatings on osteoclast differentiation were studied. RAW 264.7 cells would be differentiated into functional osteoclasts using RANKL [29] . TRAP secretion correlates with osteoclast volume, cell number and osteoclast resorptive activity, hence making it an attractive osteoclast marker [30 -32] . TRAP-positive cell numbers were reduced in both Ti-pDOP and Ti-pTAN when compared with Ti ( figure 3a) . The results were confirmed by quantification of TRAP activity in cell lysate. Osteoclasts cultured on both Ti-pDOP and Ti-pTAN had reduced TRAP activity (figure 3b). TRAP-positive cells with more than three nuclei were considered as osteoclasts. Osteoclast number was also reduced on both Ti-pDOP and Ti-pTAN (figure 4a). Total DNA of osteoclasts also declined on Ti-pDOP and Ti-pTAN (figure 4b). The osteoclast inhibitory effects such as reduction in total DNA and osteoclast number of Ti-TAN were superior to Ti-pDOP.
Next, osteoclast cell morphology on Ti, Ti-pDOP and Ti-pTAN was examined (figure 5). Actin ring formations were observed on Ti and Ti-pDOP, but multinucleated osteoclasts on Ti-pTAN portrayed minimal podosome clusters and actin rings. Development and maturation of functionally active osteoclasts are complex phenomena that occur in multistep fashion. These processes begin with the fusion of precursor cells to form multinucleated cells, which undergo massive cytoskeletal rearrangements leading to cell adhesion, cell polarization, actin ring and SZ formations. Formation of SZ dictates the bone resorptive abilities of osteoclast resorption [33] . Although multinucleated cells cultured on Ti-pTAN were positive for TRAP, reduction in actin ring formation may negatively influence their ability to resorb bone. Unlike osteoclasts cultured on Ti and Ti-pDOP, osteoclasts cultured on Ti-pTAN may lack the ability to support the formation of resorptive apparatus of osteoclasts. Studies showed that, when giant osteoclasts failed to secure firm adhesion to the surface, the high turnover of podosome clusters and adhesion proteins produced unstable actin rings with short life span, thus were difficult to detect [34] . The presence of actin rings with minimal filopodia formation on Ti and Ti-pDOP suggested that these surfaces could support cellular cues for development of resorptive apparatus contrary to Ti-pTAN, where osteoclasts exhibited excessive filopodial formations and limited actin rings. Nonetheless, further studies should be performed to monitor the expression of cell adhesion markers and actin dynamics of osteoclasts cultured on Ti-pTAN.
Results in this work showed that coatings of pDOP and pTAN were not toxic to RAW 264.7 cells. However, RANKL-mediated proliferation and differentiation of osteoclasts were impeded (electronic supplementary material, figure S1 ). The inhibition was selective to differentiated cells but the precursor cells were unaffected. In osteoporotic bone, high osteoclast activity leads to reduction in bone mineral density [7] . Reduction in osteoclast activity at peri-implant region of osteoporotic bone enhances osseointegration [35] .
Previous report suggested that natural hydrolysable tannins such as furosin reduced TRAP activity of osteoclasts by affecting RANK-RANKL signalling, selectively affecting mature osteoclasts [36] . Nevertheless, pTAN effects on royalsocietypublishing.org/journal/rsif J. R. Soc. Interface 16: 20180799 osteoclasts are not yet explored. To date, there is also no study investigating the effects of pTAN and pDOP surface coatings on osteoclast development and function. This is the first report depicting the inhibitory property of pTANcoated, as well as on pDOP-coated, substrates on osteoclasts.
Further work is needed to study the molecular mechanisms of cell-specific inhibitory effects of both pTAN and pDOP surface coatings. Osteoclast development in human body is dependent on the myriads of cellular and hormonal balances. For example, hormones such as oestradiol and calcitonin have a direct or indirect impact on osteoclast development [37] . Moreover, ratio of cytokines such as RANKL/osteoprotegerin not only regulates osteoclast behaviour but also affects bone-implant integration [38, 39] . Research was also done to explore the combinatorial effects of osteoclasts-osteoblasts-implant interactions. This was studied by separate cultures of osteoclasts with conditioned media from osteoblasts and mesenchymal stem cells cultured on different substrates. Osteoclast differentiation was reduced in the presence of the conditioned media, and the effect was substrate dependent [40] . Conditioned medium from osteoclasts on different implant surfaces was also shown to tailor osteoblast differentiation [41] . As such osseointegration is a complex process which is dependent on multicellular interactions and pathophysiological conditions [42] . Hence, further research is needed to understand the influence of Ti-pTAN and Ti-pDOP substrates in osteoblast-osteoclast crosstalk, and also their osseointegration in different pathophysiological conditions.
Conclusion
Surface coatings with pDOP were previously shown to be beneficial for osteoblastic differentiation [17] and pTAN coatings possessed anti-bacterial and anti-oxidant properties [18] . The regulation of osteoclasts is also important for osseointegration of implants [43] . We have shown that Ti-pDOP reduced osteoclast number and TRAP activity as compared to Ti. However, the decrease in osteoclast development for Ti-pTAN was more profound than that of Ti-pDOP.
The study shows biological activity of the coatings on osteoclasts in in vitro setting. Based on our cellular results, we propose that the coatings might have great potential in clinical applications. Nonetheless, we do acknowledge that the in vitro findings cannot be extrapolated to in vivo or clinical outcomes as the experiments were done in a controlled laboratory setting. Within the limits of the present study, we can only conclude that the coatings reduce osteoclast differentiation in in vitro conditions. The durability and potency of the coatings in in vivo conditions are unknown. Hence, further studies are needed to elucidate the stability and potency of the coatings in in vivo settings to truly comprehend the mechanics of complex cross-interactions between various cell types, paracrine and endocrine signalling. Being cheap and classified as GRAS by FDA, pTAN coatings prove to be a simple and cheap strategy to reduce osteoclast responses on an implant surface. With the establishment of inhibitory effects on osteoclasts by these organic coatings, it could potentially broaden their usage in biochemical surface functionalization of implants used in orthopaedic and dental areas.
